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(54) Rubber composition for a tire tread and tire using the same 



(57) A rubber composition which can improve per- 
formance on icy and snowy road sufficiently and a tire 
using the same. The rubber composition comprises 2 to 
30 parts by weight of staple fibers having an average 
fiber diameter of 10 to 100 \im and an average fiber 
length of 0.01 to 4 mm, and 1 to 10 parts by weight of 
particles having a Moh's hardness of at least 5 and an 



average particle size of at most 500 u.m based on 1 00 
parts by weight of a diene rubber. The tire of the present 
invention is prepared by using the rubber composition 
for tread. Examples of the particle are pumice, quarts, 
emery and the like. 
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Description 

■ +5 „ a nH fl tirp oarticularly a rubber composition which can 
[0001] The present invention relates to a rubber com P os ^ comprises the rubber companion, 
rroveperto-ancesof studless tire on icy a ; dsn0 ^ tires or snow chain- 
So* Heretofore, when automobiles studded tires or chain-mounted I t.res 

tropriatebrakinganddhvingpertormanceso J by compoundin g sand (JP-A- 

dust pollution. . mpd rubber for tne tread rubber (JP-A-62-283001 , JP-A-63-9042 

[0005] Alternatively, it is a.so proposed to ^T^SmS^^ » im P roved ' edge eWeCtand ^ 
and JP-A-1 -1 1 B542). However, in *-^*2KXSSS««. *ef earned rubber has low block sfflfness 
ing ability due to voids on the tread surface <* n ^* ™* ™ I become inferior. Moreover, since foaming ,s performed 
and abrasion resistance and steering P B ^™ M ""^^J .Hkely to be influenced. 

in the vuicanization step of the products, ^ tre a d to improve tire performances on icy and 
[0 006] in addition, techniques ^^^J^T^SS^. * these tires, fine hollow particles are broken 
snowy road are proposed (JW 1-35736 ; and ^-^BOO^How ances cannot be achieve d. 

during kneading, resulting in a problem that s ^^^^^ S o Mng synthetic polymer in the tread rubber 
[OOo£ For another technique, it is proposed to comp °"^ a fr ^7(JP-A-5-1 48390). However, the water absorbmg 
o remove water existing between the = ^ a^ id That edge effelt after the poiymer has fai.en is 
ability of such synthetic polymer is ms ^™ e *' ™™°^ e imme diately after the water absorption. 
suffSent because the failing of the ^XZ^T^eZ^ce on icy road by compounding staple 
[0008] Other than the above, a method * P ^ tQ increase diggi ng frictional force .s proposed (JP-A- 

and snowy road and a tire having those imgroved P ert °™^' comprising 2 to 30 pads by weight ol atagla 
[MIO? ™ is, th. present Invention relates to. n*W d ~™»« 0 , „.<,„„ 4 mm, aad 1 to ,0 p.* 

Ei^drrrx'^ 

bination of two or more. nrio oerformance on icy road can be improved by com- 

?0013] in the rubber composition of the present invert boynp^m J dicular t0 the tread face, 

founding particular staple fibers, in Pa^J^JJ ^^L^ce on icy road can be improved 
diqqing frictional force is further increased and therefore gnp . pe |yester fiber , nylon fiber, polyv.nyl formal 

jSif Examples of staple fibers include glass * *P eclfic ° f * M 2 °" T 

liber and aromatic polyamide fiber. Amon^ 

as glass fiber and aluminum whisker are P ref ^ '^J^ ; xcellent orie ntation. 

at kneading, achieve moderate shape after knead * is 3 to 6. When the Moh's hardness is less 

is 4 Jthe upper ,imrt of the Moh ' s 

the staple fiber is 5. dispersion in the rubber composition is 10 to 100 urn 

[0016] The average fiber diameter of the staplef Jer a ^ P i ndtnustne digging effect remains smalt 
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and the upper limit of the average fiber diameter of the staple fiber is 70 am 

[0017] The average fiber length of the staple fiber after dispersion in the rubber composition is 0.01 to 4 mm. When 
the average fiber length is less than 0.01 mm, orientation tends to be difficult. When the average fiber length is more 
than 4 mm, viscosity of the unvulcanized rubber becomes higher and process ability is decreased. Preferably, the lower 
5 limit of the average fiber length of the staple fiber is 0.3 mm and the upper limit of the average fiber length of the staple 
fiber is 2 mm. 

[0018] The amount of staple fiber is 2 to 30 parts by weight based on 1 00 parts by weight of the diene rubber. When 
the amount of staple fiber is less than 2 parts by weight, effect on digging friction is small. When the amount of staple 
fiber is more than 30 parts by weight, abrasion resistance is decreased. Preferably, the lower limit of the amount of 

10 staple fiber is 4 parts by weight and the upper limit of the amount of staple fiber is 20 parts by weight. 

[0019] The rubber composition of the present invention further contains particles comprising a material having a 
Moh's hardness of at least 5. In the step of kneading the staple fibers and the particles with the rubber, the surface of 
staple fibers is finely scratched owing to the friction between the particles and the staple fibers, and these scratches 
seem to make staple fibers not easily fall out from the base rubber. Therefore, when the Moh's hardness is less than 

15 s t the surface of staple fiber is not easily scratched by the particles and therefore effect on digging friction is small. 
Preferably, the lower limit of the Moh's hardness of the material of the particle is 6 and the upper limit of the Moh's 
hardness of the material of the particle is 8. When the Moh's hardness is more than 8, there is a possibility that asphalt 
road is damaged. 

[0020] The term "Moh's hardness" here means one of the mechanical characteristics of materials, which is a long- 
20 established measuring method widely used in the field of minerals. In this method, the hardness of a mineral is defined 
lower than that of a mineral used to scratch the former mineral when the former mineral gets scratched, in the following 
order of 1 0 minerals. In ascending order from lower hardness, 1 talc, 2 gypsum, 3 calcite, 4 fluorite, 5 apatite, 6 or- 
thoclase, 7 crystal, 8 topaz (yellow sapphire), 9 corundum and 10 diamond are used. 

[0021] Examples of materials having a Moh's hardness of at least 5 include hemimorphite, asbestos, manganese, 
25 apatite, nickel, glass, hornblende, feldspar, pumice, orthoclase, hematite, augite, iron oxide, high speed steel, toll steel, 
magnesia, iridium, pyrite, ruthenium, agate, chrome dioxide, garnett, steel, flint, quarts, silicon, chrome, beryllia, zir- 
conia, iridosmium, tourmaline, andalusite. beryl, emery, osmium, topaz, tungsten carbide alloy (sintered), zirconium 
boride, corundum, titanium nitride, tungsten carbide, tantalum carbide, zirconium carbide, chrome, alumina (casted), 
alumina (a), alumina (fine crystal), silicon carbide (black), silicon carbide (green), aluminum boride, boron carbide and 
30 diamond. Among these, inorganic substances such as pumice, quarts and emery are preferable since they can give 
particles of desired particle size and they are relatively inexpensive. However, whether the material is organic or inor- 
ganic is not particularly limited. 

[0022] The average particle size of the particle is at most 500 u,m. When the average particle size is more than 500 
u,m, reinforcing property for the rubber is poor and abrasion resistance is adversely affected. The lower limit of the 

35 average particle size of the particle is preferably 10 u,m, more preferably 30 u.m, and the upper limit of the average 
particle size of the particle is preferably 300 ujti, more preferably 1 50 urn. When the average particle size is less than 
10 u,m, the surface of the staple fiber is not easily scratched, and therefore effect on digging friction tends to be small. 
[0023] The amount of the particle is 1 to 1 0 parts by weight based on 1 00 parts by weight of the diene rubber. When 
the amount of the particle is less than 1 part by weight, effect on digging friction is small since the surface of the staple 

*o fiber is not easily scratched. When the amount of the particle is more than 8 parts by weight, abrasion resistance is 
decreased. 

[0024] The rubber composition of the present invention can be obtained by kneading the staple fibers and the particles 
with the diene rubber for 1 to 5 minutes. When the kneading time is less than 1 minute, dispersion of the staple fibers 
and the particles to the rubber tends to be insufficient. 

45 [0025] In addition to the above components, the rubber composition of the present invention may be incorporated 
with components or additives generally used for preparing a rubber in a usual amount if necessary. Concrete examples 
of such components or additives include reinforcing agents (carbon black, silica); processing oils (paraffin processing 
oil, naphthene processing oil, aromatic processing oil); vulcanizing agents (sulfur sulfur chloride compound, organic 
sulfur compound); vulcanization accelerators (guanidine, aldehyde-amine, aldehyde-ammonia, thiazole, sulfen amide, 

50 thiourea, thiuranr dithiocarbamate or xandate compound); crosslinking agents (radical initiators such as organic per- 
oxide compound and azo compound, oxime compound, nitroso compound and polyamine compound); antioxidants 
(amine derivatives such as diphenylamine and p-phenylenediamine, quinoline derivatives, hydroquinoline derivatives, 
monophenols, diphenols, thiobisphenols, hinderedphenols and phosphorus acid esters); waxes; stearic acids; zinc 
oxides; softeners; fillers; and plasticizers. 

55 [0026] When carbon black is compounded to the rubber composition of the present invention as a reinforcing agent, 
it is preferable that the carbon black has a nitrogen adsorption specific surface area (N 2 SA) of 90 to 150 m 2 /g and a 
DBP (dibutyl phthalate) oil absorption amount of 80 to 140 ml/100 g. 

[0027] The tire of the present invention is prepared by using the above rubber composition for the tread according 
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,. a noaa, ptoo.ss. T h „ Is, « n— 

5 EXAMPLES 

m ThaptaoanUnvanaani.a^nad^^ 

-%• in the following examples mean »part(s) by weight and /<, by we.gni p y, |g A 

substance to select particles having a specific particle size. 
(Materials) 
15 [0030] 

BuSne mbbe^BR) 3 UBEPOL BR150B available Iron, Ube i Industr ies Ltd 

Carbon black: SHOBLACK N220 available from Showa Cabot Co. Ltd. (N 2 SA. m /g. 

IcXstalline wax^SUN NOC N available from Ohuchi Shinko Kagaku Kogyo Co Ltd. 
SS ePPD: NOCRAC 6C available from Ohuchi Shinko Kagaku Kogyo Co., Ltd. 
Stearic Acid: Stearic acid available from NOP Corporation 
Zinc oxide: Zinc Oxide available from Mitsui Min.ng and Smelting Co Ltd. 
Paraffin oil: Diana Process oil available from Idemitsu Kosan Co Ltd. 
Glass fiber- qlass fiber available from Japan Sheet Glass Co. . Ltd. 

from Ohuchi Shinko Kagaku Kogyo Co., Ltd. 
35 [0031] Evaluation methods in Examples and Comparative Examples are summarized below. 
Average fiber length of glass fiber in rubber 



25 



30 



40 



45 



50 



2. Performance on icy and snowy road 



o, 2000 co, and m» stopping dMn- >«- '»£ * S*SSS " T.h= lo.lo.ring equation on tha basis ot 

(Brake stopping distance of Comparative Example 1) + (Brake stopping 
distance of each Example) x 100 
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3. Abrasion resistance 



[0M41 Tnaptapa,aO,a.»aa m oon,..nna J apanas.,on = 
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Example 1 . The larger the index is, the better the abrasion resistance is. 

(Number of driven miles at which the groove depth of each tire prepared 
is decreased by 1 mm) - (Number of driven miles at which the groove 
depth of tire of Comparative Example 1 is decreased by 1 mm) x 100 

10 4. Steering performance on dry road 

[0035] I n a dry asphalt 500-m round slalom course, running time per round was clocked and the time was represented 
as an index to the time of Comparative Example 1. The larger the index, the better the steering performance on dry 
road is. 

15 

(Running time per round of Comparative Example 1) - (Running time per 
round of each Example) X 100 

20 

EXAMPLES 1 and 2 and COMPARATIVE EXAMPLES 1 to 5 

[0036] According to the compounds listed in Table 1 , components other than sulfur and vulcanization accelerator 
were kneaded first. Thereafter, sulfur and vulcanization accelerator were added and further kneading was carried out. 
25 The obtained rubber composition was used for tread and a tire was prepared by a usual method. The prepared tire 
was subjected to the above evaluation tests. The results are shown in Table 1 . 

30 
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[0037] In Examples 1 and 2 where glass fibers and particles having a specific Moh's hardness and particle size were 
compounded, performance on icy and snowy road was improved with maintaining abrasion resistance and steering 
performance on dry road. 

[0038] On the other hand, in Comparative Example 2 where particles having a low Moh's hardness were used, effect 
5 of improving performance on icy and snowy road was small. It seems that this is because the scratching of glass fibers 
by particles during kneading was not enough, thus the glass fibers has fallen out from the rubber owing to running, 
and therefore effect on digging friction was not achieved sufficiently. 

[0039] In Comparative Example 3 where particles having a large particle size was used, performance on icy and 
snowy road was slightly improved but abrasion resistance was remarkably decreased. 
10 [0040] In Comparative Example 4 where only a small amount of particles was compounded, effect of compounding 
the particles was hardly seen. 

[0041] In Comparative Example 5 where a large amount of particles was compounded, performance on icy and 
snowy road was improved but abrasion resistance was remarkably decreased. 

[0042] According to the present invention, sufficient performance on icy and snowy road can be achieved without 
15 decreasing abrasion resistance or steering stability on dry road by using a rubber composition containing staple fibers 
and particular particles for tire tread. 



Claims 



20 



1 . A rubber composition comprising 

2 to 30 parts by weight of staple fibers having an average fiber diameter of 1 0 to 1 00 jam and an average fiber 
length of 0.01 to 4 mm, and 

1 to 1 0 parts by weight of particles having a Moh's hardness of at least 5 and an average particle size of at most 
25 500 urn 

based on 1 00 parts by weight of a diene rubber. 

2. A tire having a tread comprising the rubber composition of Claim 1 . 

30 



35 



40 



45 



50 



55 



3NSDOCID: <EP 1297973A1_I_> 



7 



EP 1 297 973 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP G2 02 1550 



HQCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indcation, where appropriate, 
of relevant passages 



paragraph [0036] * 



EP 1 072 446 A (SUK1T0M0 RUBBER 1ND) 
31 January 2001 (2001-01-31) 

* abstract * 

* paragraph [0316 

* paragraph [0Q21_ 

* paragraph [093 5] 

* claim 1 * 

I PATENT ABSTRACTS OF JAPAN 
vol- 1996, no. 12, 

CO LTD: THE) , 27 August 1996 (1996-G8-27) 

* paragraph [9005] - paragraph [9066] * 
I * paragraph [0009] - paragraph [9010] * 

I US 5 591 279 A (MI00RIKAWA SHINGO ET AL) 
17 January 1997 (1997-01-07) 
abstract * ^ 
column 1. line 41,42 * 
column 2, line 13-42 
column 3, line 11-28 
column 3. line 39,40 
column 3. line 62,63 
column 4 * 

column 5, line 17-19 * 
claim 1 * 

IdE 40 05 493 A (T0Y0 TIRE & RUBBER CO) 
23 August 1990 (1990-08-23) 

* page 2, line 1 * 

* page 2, line 22-57 * 

* page 3, line 27-30 * 
|* claims 2,4 * 

-/" 



Relevant 
to claim 



1.2 



CLASSIFICATION OF THE 
APPLICATION (lnt.Ct.7) 



1,2 



B60C1/0O 

B60C11/14 

B60C11/00 



1,2 



* 
* 
* 
* 



TECHNICAL FIELDS 
SEARCHED (lnLC1.7) 



B6GC 



U2 



The present search report has been drawn up tor all slaims 



Place o< search 

MUNICH 



Dale comotetion of »e March 

25 November 2002 



Examiner 

Thanbichler, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

Y • particularly relevant if combined with another 

'document of the name category 
A : technological background 
O . non-written dootoaure 
P : intermediate document 



T - theory or principle underlying the invention 
E : 3 patentioument, but pubtehed on, or 

alter the filing dale 
D • document orted in the application 
L document cited for other reasons 



& V'^mb'er tfthe'same pitert family, cormaponding 
document 



3NSDOCID <EP 1297973A1J_> 



EP 1 297 973 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP G2 02 155G 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.C1.7) 



A,P 



8 



EP 1 172 406 A (SUMITOMO RUBBER IND) 
16 January 2002 (2002-01-16) 

* abstract * 

* paragraph [0G21] - paragraph [0025] 

* paragraph [O039] * 

* claims 1,2 * 



1.2 



TECHNICAL FIELDS 
SEARCHED {lnl.C1.7) 



The present search report has been drawn up for all claims 



Place of oea-ch 

MUNICH 



Dade of completion ol ttie search 

25 November 2002 



Thanbichler, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : teohno logical background 
O : non-written dtaoloaure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document oiled for other reasons 

& : member otthe same patent family, corresponding 
document 



3NSDOCID: <EP 1297973A1 J_> 



9 



EP 1 297 973 A1 



a wMPY TO THE EUROPEAN SEARCH REPORT 
ON eSSSS PATENT APPLICATION NO. 



EP 02 02 1550 



patent document 
cited in search report 



Publication 
date 



Patent family 
member(B) 



Publication 



IH^T" A 31-01-2001 JP 



2001039104 A 
1072446 A2 



13-02-2001 
31-01-2001 



JP 08217918 
US 5591279 



A 
A 



27-08-1996 NONE 

07-01-1997 JP 
JP 
JP 
CA 



6328906 A 
2763251 B2 
6328908 A 
2123828 Al 



29-11-1994 
11-06-1998 
29-11-1994 
21-11-1994 



DE 4005493 



23-08-1990 



JP 

JP 

JP 

JP 

JP 

JP 

JP 

JP 

JP 

JP 

DE 

US 



1988272 C 

2219836 A 

7002871 B 

1988273 C 

2219837 A 
7005800 B 
1988275 C 
2228342 A 

7002872 B 
2227303 A 
4O05493 Al 
5302636 A 



08-11-1995 
03-09-1990 
18-01-1995 
08-11-1995 
03-09-1990 
25-01-1995 
08-11-1995 

11- 09-1990 
18-01-1995 
10-09-1990 
23-08-1990 

12- 04-1994 



EP 1172406 



16-01-2002 



JP 2002030183 A 

jp 2002047378 A 

EP 1172406 A2 

NO 20013436 A 

US 2002026O03 Al 



31-O1-20O2 
12-02-2002 
16-01-2002 
15-01-2002 
28-02-2002 



i 

& For more details about this annex : 



.Ottcial Journal o1 the European Patent Office, Mo. 1 2/B2 



10 



RNRnnom- <hp 1297973A1 i > 



